Background There is considerable unexplained variation in death rates between deprived areas of Britain. This analysis assesses the degree of variation in socio-demographic factors among deprivation deciles and how variables associated with deaths differ among the most deprived areas. Results Standard errors in death rates and most socio-demographic variables were greatest for the most deprived decile. Death rates among all constituencies were positively correlated with Carstairs' score and indicators, density and BME, but for the most deprived decile, there was no association with Carstairs and a negative correlation with overcrowding, density and BME. For the most deprived decile multivariate models containing population density, BME and change had substantially higher R
Introduction
A strong relationship between rates of deprivation and death in areas of Britain has been demonstrated in numerous studies. 1 -3 Analyses of the relationship between area deprivation and death rates commonly group together areas with 'similar' levels of deprivation into quintiles and deciles of deprivation. However, several studies have indicated that among the most deprived group of areas in Britain, there is considerable unexplained variation in death rates. 4 -16 This variation in death rates raises questions regarding how similar the most deprived areas are to one another, whether different factors underlie death rates in deprived areas and less deprived places and whether factors other than deprivation are important to understanding health in the most deprived areas. This study explores the hypotheses that the large variation in death rates between deprived areas in Britain reflects their socio-demographic diversity and that there are differences in the associations between sociodemographic characteristics and death rates among these areas compared with less deprived places.
Methods

Areal units
This study analyses death rates in the 641 Westminster parliamentary constituencies in Britain, as at 1997 -2001. Constituencies were used in the analysis as their populations are similar in size and sufficient to allow the calculation of death rates ( 89 100 on average in the 2001 Census) and boundaries which fragment urban areas.
Deprivation deciles
The Carstairs 2001 deprivation index, selected to measure deprivation in this study, is one of the most widely used deprivation indices in analysis of deprivation and health. 17 The index is based upon four measures from the 2001 Census: the proportion of economically active males aged 16 and over unemployed, residents in households with no car, residents in households with an economically active head of household in social classes IV-V (approximated from NS-SEC) and residents in households with one or more persons per room. The Z-scores of each indicator were combined to create the Carstairs scores. Constituencies were grouped by Carstairs score into deciles containing equal numbers of areas (64 -65).
Socio-demographic variables
The socio-demographic variables were Carstairs score, the Carstairs component deprivation indicators, population density ( persons per hectare), proportion of the population in a black and minority ethnic group (BME) and proportion change in population 1971 -2001. These variables were based upon 2001 Census data from the Office for National Statistics (ONS) and the General Register Office for Scotland (GROS) and 1971 Census data from the Linking Censuses Through Time (LCT) website.
The Carstairs component indicators were selected as commonly used measures of deprivation and to allow further assessment of the operation of the Carstairs index. Preliminary analysis demonstrated that the association between overcrowding and death rates varied significantly between the most deprived decile and all constituencies combined. The variables population density, BME population and population change were selected because they were likely to be associated with overcrowding and death rates, to explore these relationships further.
Death rates
Death rates for constituencies were based upon death registrations from ONS and GROS. This data set includes year, age and postcode of residence at death. Average all-cause death rates were calculated for the time period 1996 -2001 using denominators based on straight-line (linear interpolation) estimates from Census data for 1991 and 2001. 2001 Census data were obtained from ONS and GROS and 1991 Census data, 'corrected' for undercount, from LCT. Age-and sex-standardized death rates were calculated using age groups 0 -4, 5 -9, 10 -14, 15 -19, 20 -24, 25 -29, 30-44 , 45 -59, 60-64, 65 -74, 75 -84 and 85 and over years.
Analytic strategy
Standard errors for death rates and the socio-demographic variables were compared between deprivation deciles groups. Then, Pearson's correlations between death rates and the socio-demographic variables were assessed for each of the deprivation decile groups and all constituencies combined.
Finally, four linear regression models were used to assess the relationship between the dependent variable, death rates and the independent socio-demographic variables for all of the constituencies combined and each of the decile groups separately. The independent variables were in the first model Carstairs score, in the second the component indicators of the Carstairs index, in the third the Carstairs score, population density, BME population and population change and in the fourth the component indicators of the Carstairs index, population density, BME and change.
Results
When the parliamentary constituencies were split into deciles by Carstairs score, the most deprived decile contained 18 London, 10 North West England, 10 Scotland, 10 Yorkshire and Humber, 8 West Midlands, 5 East Midlands and 3 North East England constituencies. Figure 1 demonstrates that the relationship between ageand sex-standardized death rates and Carstairs score has a 'splaying pattern' among the most deprived constituencies. This illustrates the wider variation in death rates, Carstairs scores and the associations between them among the most deprived areas.
Standard errors
Standard errors by decile in Table 1 demonstrate that there is the greatest variation in death rates, Carstairs scores, Carstairs' component deprivation indicators, population density and BME population among the most deprived decile. However, standard errors for population change were similar in most of the decile groups.
Pearson's correlations
When correlations between death rates and Carstairs were assessed among constituencies of all levels of deprivation, a strong, statistically significant, correlation of 0.727 was found (Table 2 ). However, this relationship was not statistically significant among any of the decile subgroups, and for the most deprived decile, the correlation was close to zero.
There were significant positive correlations for all constituencies combined between the Carstairs component deprivation indicators of unemployment, no car, low social class and overcrowding of 0.723, 0.709, 0.465 and 0.283, respectively. Among the deprivation decile subgroups, a statistically significant positive relationship was found only for unemployment and no car for the most deprived decile and low Analysis of correlations between death rates and population density found that for constituencies of all levels of deprivation, there was a positive association of 0.233, but among the 7th-10th most deprived deciles, there was a statistically significant negative association of 20.429, 20.399, 20.379 and 20.478, respectively. A similar pattern was found when BME population was considered with a positive association of 0.105 among all constituencies but a statistically significant negative association among the 7th -10th most deprived deciles of 20.436, 20.548, 20.500 and 20.490, respectively. A statistically significant negative correlation was found between change in population 1971 -2001 and death rates of 20.483 among all constituencies combined and 20.337, 20.475 and 20.717 among the 4th, 9th and 10th most deprived deciles, respectively.
Regression models
In the first linear regression model, examining the relationship between the dependent variable death rates and Carstairs score, when all constituencies were considered, there was a statistically significant coefficient of 0.727 (Table 3) . However, when similar models were considered for separate deprivation deciles, the coefficients were low and not significant.
In Model 2, testing the association between death rates and the Carstairs component indicators, when all constituencies were considered, the coefficients for unemployment, no car and low social class were significant, positive figures of 0.218, 0.551 and 0.254, respectively, but the coefficient for overcrowding was a negative, significant figure of 20.242. In models for separate deciles, few or none of the deprivation indicator coefficients were statistically significant. In the most deprived decile, the coefficients for no car and overcrowding were statistically significant figures of 0.505 and 20.395, respectively.
In Model 3 of the association between death rates, Carstairs, population density, BME and change, when all constituencies were considered, there was a statistically significant positive coefficient of 0.849 for Carstairs. Population density, BME and change had negative coefficients of 20.083, 20.311 and 20.166, respectively. In analysis of separate deprivation deciles, most coefficients in the models were not significant with the exception of the most deprived decile for which all variables were significant, a positive 0.281 figure for Carstairs and negative figures of 20.265, 20.259 and 20.532 for population density, BME and change, respectively.
In the fourth model, the relationship between death rates, the Carstairs indicators and the other socio-demographic variables were assessed. In analysis of all constituencies, all Carstairs' indicators, including overcrowding, had significant positive coefficients, the greatest for no car at 0.675, and the other socio-demographic variables all had significant 
Discussion
Main findings
This study finds a greater variation in death rates, Carstairs deprivation scores and indicators, population density and BME population among the most deprived decile of constituencies in Britain compared with less deprived deciles. This study also finds that the socio-demographic factors that are correlated with death rates vary between constituencies of all levels of deprivation and the most deprived decile of areas. When the most deprived decile is assessed separately, death rates were not always associated with socio-demographic variables in the 'expected' ways. In particular, this analysis finds that Carstairs, a deprivation index developed through analysis of death rates, 18 is not correlated with death rates among deprived constituencies.
The analysis indicates that the lack of correlation between death rates and Carstairs scores among the most deprived decile results, in part, from the negative association between death rates and one of the component indicators of the index, overcrowding. This study does not suggest that overcrowded housing is beneficial to health in deprived areas but instead indicates that the negative correlation between death rates and overcrowding reflects the relationship between overcrowding and population density, BME population and population change.
Overcrowding, population density and BME are all positively correlated with death rates when all constituencies are compared but negatively correlated among the most deprived decile. In multivariate regression analysis, however, the direction of the associations between death rates and overcrowding, population density and BME are the same in models for all constituencies and the most deprived decile.
Among the most deprived decile, population density, BME and change were more strongly correlated with death rates than the deprivation indicators. The significance of population density, BME and change to death rates in the most deprived areas is also indicated by the multivariate model's R 2 . Models for the most deprived decile which contained these variables had substantially greater R 2 than those containing only Carstairs' deprivation indicators.
What is already known
A number of previous studies have demonstrated that there is a significant variation in death rates between deprived areas of Britain. 4 -16 Studies comparing countries and regions have found that areas in London have relatively better health and North West England and Scotland worse health than would be expected from their levels of deprivation. 5,8 -12,14,19 Analysis of ONS' local authority classifications in England has also found that local authorities in 'mining, manufacturing and industry' and 'urban fringe' areas had lower life expectancies than their deprivation would predict, 11 while comparison of rural and urban wards in England and Wales have suggested that deprived rural areas have relatively low mortality. 20 -22 The substantial diversity in deprivation indicators among the most deprived areas has also previously been demonstrated in England and Wales at a ward scale. 17 This analysis found much greater variation in Carstairs' 2001 deprivation scores and indicators among the most deprived fifth of areas in comparison to less deprived quintiles. Deprived areas' diverse experiences of deprivation have however not commonly been focused upon as a cause of variations in their death rates; instead, these differences have often been presented primarily as a methodological problem.
Analysis in Britain has commonly defined deprivation using census-based deprivation indices, such as the Carstairs index, the Townsend index and, more recently, the Government's Index of Multiple Deprivation, based on census and administrative data. 17, 23, 24 It has been suggested that variables that comprise these indices may misrepresent deprivation in some types of areas. In particular, the proportion of households without a car may 'overestimate' deprivation in cities, especially inner London. 5, 20 Some researchers have also stressed that 'it's not "just deprivation"' that is important to understanding death rates in deprived areas in Britain. 16 Several studies investigating factors beyond the current degree of deprivation that may underlie health variations between deprived areas have considered population change 25 -29 and ethnicity. 30, 31 Other factors proposed include historical deprivation, spatial patterning of deprivation, selective migration, employment structure, education, social capital, drink and drug cultures and local social policies. 4 -16,19,20,32 -34 What this study adds This analysis builds on previous studies by demonstrating that there is a greater variation not only in death rates and deprivation indicators but also in population density and BME among the most deprived parliamentary constituencies in Britain compared with less deprived areas. The greater diversity in socio-demographic characteristics found among the most deprived areas is likely to be an important part of the explanation for their greater variation in death rates.
This study also demonstrates that the correlations between death rates and socio-demographic characteristics differ markedly between the most deprived decile of constituencies and those with all levels of deprivation. The opposite direction of association is found for overcrowding, population density and BME. The negative relationship between death rates and overcrowding among the most deprived areas is a significant limitation of Carstairs, Townsend and other indices that use overcrowding as a measure of deprivation in analysis of health. 17, 23, 24 Previous studies have found that population change in local authorities in Britain and small areas in Scotland was associated with death rates, 25 -29 but some analysis has suggested this association is an artefact of deprivation effects. 27, 28 This studies' multivariate analysis provides further evidence of an independent association between population loss and high mortality separate from area's contemporary socio-economic status. 25, 29 The results also support previous research, suggesting that population change has a greater impact upon death rates in deprived areas. 29 Notably, this analysis finds a stronger correlation between death rates and population change than any other socio-demographic variable in the most deprived decile.
The results indicating that BME population is associated with lower death rates in deprived areas, in bivariate and multivariate analysis, also support earlier research in London that found wards with higher rates of New Commonwealth and Pakistan households have lower death rates after controlling for areas' socio-economic status. 30 However, the results contrast with research from the Netherlands that found deprived areas with lower death rates had fewer 'nonwestern immigrants'. 31 The finding that low population density is also strongly associated with high death rates in deprived areas is novel. This contrasts with previous studies' findings of relatively better health in deprived rural areas. 20 -22 Low population density may be related to risk of death directly because of its' strong association with motor vehicle traffic injury fatalities, 35 or could be an indicator of long-term economic decline and population loss.
The strong associations among deprived constituencies between death rates and population density, BME and change demonstrated in this analysis could be perceived as evidence that factors other than deprivation are more important to health in deprived places. Alternatively, this could be interpreted as indicating that traditional deprivation indices like Carstairs have limitations in describing the diversity of disadvantage in deprived places.
Paradoxically, two weaknesses of traditional deprivation indices may be their limitations in describing continuity and change. There is evidence that the historical geography of deprivation in Britain over time periods as long as a century affects contemporary death rates. 36 ,37 BME and population change may be indicators of prolonged deprivation as deprived areas that have failed to attract international immigrants and had significant population loss 1971 -2001 are likely to have experienced long-term socio-economic disadvantage. Conversely, deprivation indices such as Carstairs, first developed with 1981 Census data, 17 may struggle to capture the diverse patterns of population mobility, affluence and ethnicity now found in deprived areas resulting from counter-urbanization, gentrification and international migration in recent decades. In this analysis, social class, traditionally central to measurement of socio-economic status in Britain, was only weakly associated with death rates in the deprived areas. Moreover, the deprivation indicator overcrowding now interacts with some of these population characteristics to obscure relationships with health.
While this analysis does not directly address the causes of unexplained variation in death rates between regions of Britain, the results suggest some possible explanations. Deprivation indices such as Carstairs may not capture the experience of long-term economic decline in ex-industrial cities such as Glasgow or the growth of multi-ethnic and gentrifying populations in London. Deprived areas in Glasgow may have relatively high death rates, in part, because of their high proportions of white population, low population density and population loss. Analysis comparing Censuses 1981 -2001 indicates that over this period, Scotland, relative to England, experienced much larger falls in Carstairs' overcrowding while its mortality disadvantage, standardized for Carstairs score, increased substantially. 10 The decline in overcrowding, however, may have led to increasing 'underestimation' of the impacts of deprivation on health in Scotland. Longitudinal data that can describe both prolonged deprivation and how deprived areas have DEPRIVATION, SOCIO-DEMOGRAPHIC DIVERSITY AND DEATH RATES changed may be an important part of understanding variations in death rates across Britain.
Limitations of this study
The results will be dependent upon the scale of units and reflect the degree of internal variability within the areas. 8, 38, 39 The regression models should be interpreted with considerable caution because of the significant co-linearity between variables. Previous research has found greater heterogeneity in causes of death among deprived areas in England and Wales. 40 Further analysis should assess death rates by cause and age.
Conclusions
There is much greater variation in death rates and sociodemographic characteristics among the most deprived group of constituencies in Britain than among less deprived areas. Understanding of unexplained variation in death rates between deprived areas may be supported by detailed assessment of their diverse populations and histories of deprivation. 
